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Abstract
Background: Sleep deprivation is often claimed to be increasingly common, but most studies show small changes
in sleep duration over the last decades. Our aim was to analyze long-term patterns in self-reported sleep duration
in a population-based cohort.
Methods: Members of the Older Finnish Twin Cohort have responded to questionnaires in 1975 (N = 30,915
individuals, response rate 89%, mean age 36 years), 1981 (24,535, 84%, 41 years), 1990 (12,450, 77%, 44 years), and
2011 (8334, 72%, 60 years). Weibull regression models were used to model the effects of follow-up time and age
simultaneously.
Results: Sleep duration has decreased in all adult age groups and in both genders. The mean duration was in men
7.57 h in 1975 and 7.39 in 2011, and in women 7.69 and 7.37, respectively. The decrease was about 0.5 min in men
and 0.9 in women per year of follow-up. In the age-group 18–34 years, mean sleep length was 7.69 h in 1975 and
7.53 in 1990. Among 35–54-year-old it was 7.57 h in 1975 and 7.34 in 2011, and in the age group of 55+ year olds
7.52 and 7.38, correspondingly. The change was largest in middle-aged group: about 23 min or about 0.6 min per
year of follow-up.
Conclusions: There has been a slight decrease in mean sleep duration during the 36-year follow-up. Although the
sleep duration was longer in 1970s and 1980s, the probable main cause for the change in this study population is
the effect of aging.
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Background
Good sleep is fundamental for health. Chronically defi-
cient sleep, manifested as decreased amount or quality
of sleep or mistiming of sleep, is associated with many
negative health outcomes [1]. Human physiology under-
goes many age-related changes across the lifespan. With
age, sleep becomes shorter, lighter and more easily dis-
turbed by both external and internal factors. Generally,
these trends are most evident on group level, with con-
siderable individual variation in all ages [2, 3].
Many factors affect sleep length. In an earlier study we
investigated the contribution of genetic factors to stabil-
ity and change of sleep length among adults [4]. The ef-
fect was modest (proportion of variance accounted for
by inter-individual differences in genetics was about 0.3)
but stable (genetic correlation 0.76 over a 15-year study
period), indicating that mostly the same genes are active
throughout adulthood. While environmental effects had
a major effect at each assessment time, the environmen-
tal effects were only modestly correlated over time,
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which indicates that external effects are important but
mostly short-lived. In another population-based Finnish
study most important determinants of short and long
sleep duration were gender, physical tiredness, sleep
problems, marital status, main occupation, and physical
activity [5]. However, they only accounted for 16% of the
variance of sleep duration, suggesting a multifactorial
and polygenic aetiology to sleep duration.
It is a common view that sleep deprivation has grown
into an epidemic in modern societies [6, 7]. Indeed, a
systematic review with data from 1905 to 2008 and 20
countries on children and adolescents aged 5–18 years
indicated a decrease of more than 1 h per night in sleep
length in general, although some countries showed in-
creases [8]. However, in adults the scientific evidence of
a similar development is far from unambiguous [9].
Some US studies have reported decreased average sleep
duration and/or increase in proportion of those with
short (< 6 h) sleep [10, 11] but other have not found
meaningful changes [12] or even contrary changes [13–
15]. Moreover, the trend seems to vary from country to
country. In a recent review of studies from 12 countries
sleep duration had increased in four countries, decreased
in three countries, and showed no clear change in four
countries, and the results were conflicting in the United
States [16]. The changes were quite small, around a mi-
nute per night each year from 1960s until the 2012. A
recent review of 168 studies with objectively recorded
(polysomnography or actigraphy) sleep duration over the
last 50+ years showed no significant association of dur-
ation with study year [17]. It can be concluded that these
results on both subjective and objective sleep duration
challenge the notion of a modern epidemic of insuffi-
cient sleep in adults.
The aim of this study was to describe and analyze
long-term patterns in self-reported sleep duration, using
four time points of measurement in a population-based
adult cohort over a 36-year follow-up period.
Methods
Population sample
The Older Finnish Twin Cohort includes twins born in
Finland before 1958 where both twins in a pair are alive
in 1975 [18, 19]. As these pairs of the same gender were
selected from the Central Population Registry of Finland
in 1974, the Cohort is population-based and its overall
mortality and cancer incidence does not differ from that
of the general population [18, 20]. Cohort members have
responded to four mailed questionnaires in which sleep
duration was asked. In 1975, the first survey had a re-
sponse rate was 89% (N = 30,915 twin and non-twin in-
dividuals with valid responses to sleep length). In 1981,
the second wave survey had a a response rate of 84%
(N = 24,535 twin individuals). In 1990, we restricted the
survey to younger pairs, who were born in 1930–1957
and where both co-twins were resident in Finland in
1987. The response rate was 77%, (N = 12,450 twin indi-
viduals). For the fourth survey in 2011/2012, we
approached all twins in the cohort who were alive and
resident in Finland, and who were born in 1945–1957.
The response rate was 72% (N = 8334 twin individuals).
The questionnaires included about 100 questions on
demographic, social, health/illness and lifestyle variables.
The number of sleep-related variables in the different
questionnaires varied, but sleep length was elicited in all
four questionnaires [4, 21, 22]. See supplementary files
for English translations.
Characteristics of subjects included in the present
study at each of the four measurement points are given
in Table 1. Age distributions of the respondents in each
of the four points of measurement are given in Fig. 1.
Sleep length data
Sleep length was queried as follows “How many hours
do you usually sleep per 24 hours?” In the first survey
in1975 we gave seven response alternatives (less than 4
h, 5, 6, 7, 8, 9, and 10 h or more). For the three later
questionnaires in 1981, 1990 and 2011, we used each
time the same nine alternatives (6 h or less, 6.5, 7, 7.5, 8,
8.5, 9, 9.5, and 10 h or more). The four questionnaires
used in the study are appended as supplementary
material (Additional files 1, 2, 3 and 4).
Statistical methods
Standard statistical methods were used in data analysis
to obtain descriptive statistics such as frequencies and
proportions when comparing sleep duration groups and
implemented in the Stata package (version 13.1, Stata
Corp, College Station, Texas, United States of America,
www.stata.com). In this study self-report of sleep dur-
ation is the dependent variable, and as explanatory vari-
ables we used birth cohort, age of the respondent at
each measurement, and gender.
The mathematical model treated transitions from one
category to the next as interval censored data, so that
the interval was larger in 1975 (one hour) compared to
half-an-hour in the other three surveys. A survival model
was then applied using a likelihood function and a Wei-
bull regression model. The model assumes that there is
an underlying continuous distribution of sleep length,
and the reported sleep length are marks in the distribu-
tion that are used to model the latent continuous vari-
able. Figure 2 shows the sleep durations as Kaplan-
Meier curves; these are then modelled.
We used a Weibull regression model as a parametric
regression model for survival data [23]. Because the data
was composed of repeated measurements on the same
persons, we modelled the covariance structures using
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random effects. We further considered the lack of statis-
tical independence within twin pairs due to sampling of
twin pair candidates in 1975 by modelling the twin pairs
as random effects. Finally, we did not have sleep length
as a continuous measure (e.g. hours and minutes) but
rather as time intervals, so interval censoring was used
[24]. The detailed statistical approaches are described in
Haasio [25].
Results
Distributions of responses by gender and age-group in
each questionnaire are given in Table 2. Generally, the
respondents have reported slightly longer sleep duration
in the earlier than in the later questionnaires. This is
seen in both genders: the mean sleep duration was in
1975 in men 7.57 h and in women 7.69 h, and in 2011
7.39 and 7.37 h, respectively. This means a decrease of
about 0.5 min in men and 0.9 in women per year of
follow-up.
There is a similar change also when assessing the three
age-groups of similar age range in different years of
questionnaires. For example, in the age group 35–54
years the mean sleep duration was 7.57 h in 1975 and
7.34 in 2011, giving a decrease of 0.6 min per year of
follow-up. However, when assessing the different age
groups within each year of questionnaire the change is
less consistent: when comparing the youngest group
(18–34 years) to the oldest group (55+ years), there was
Table 1 Characteristics of subjects included in the present study at each of the four measurement points. Persons with missing data
on sleep length are excluded
Year of questionnaire Number of individuals Women (%) Age (mean ± 1.96 x Standard deviation) in years
Range of age (birth years)
1975 30,915 51.4 35.7 ± 14.6
18–95 (1880–1957)
1981 24,535 51.7 40.5 ± 13.7
24–101 (1880–1957)
1990 12,450 54.4 43.9 ± 7.8
33–60 (1930–1957)
2011 8334 55.4 59.7 ± 3.7
54–66 (1945–1957)
Fig. 1 Age distributions of the respondents in each of the four points of measurement. X-axis: age in years. Y-axis: number of respondents
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some decrease in mean sleep duration in 1975 (from
7.69 to 7.52 h), but no clear change in the other three
survey years.
The regression modelling results showed both age and
cohort effects in sleep duration (Table 3). Going from
the age group 18–34 years to age group 35–54 years or
to 55+ years shortens sleep duration; it can be noted that
the hazard ratios for the two older age-groups are very
similar and overlap. The difference with respect to birth
cohort, those born in 1920–39 and those born in 1940–
57, slept less than the reference group (those born in
1880–99). On the other hand, those born in 1900–19
did not sleep statistically significantly less than those
born in 1880–99.
These results suggest that the sleeping habits may have
changed modestly over time, and the decrease in the
sleep duration may not solely be explained by aging of
the population. In other words, the younger generations
sleep less when comparing the sleep duration of the
same age groups belonging to the different birth cohorts.
Overall, when adjusted for age and birth cohort, men
sleep less than women.
The changes are also seen in Fig. 3. In 1975 and in
1981 about 60% of the respondents slept 7 h or more,
but in 1990 less than 60% and in 2011 only a bit more
than 50% did so. Sleep duration decreases with age but
only when young adults are compared to middle-aged.
There is no clear difference between middle-aged and
those aged 55 years or more. This trend may not be,
however, explained only by aging alone as there also is a
cohort effect, those born earlier slept more at the same
age than those born later (Fig. 3).
Fig. 2 Kaplan-Meier estimates of sleep duration in the four points of measurement. X-axis: sleep duration in hours. Y-axis: proportion of
respondents with a certain sleep duration; e.g. in 1975 90% of the respondents slept 6 h or more, and 60% 7 h or more
Table 2 Sleep duration (hours; mean, standard deviation) in each of the four questionnaires
Year of questionnaire Men Women Age group
18–34 years
Age group
35–54 years
Age group
55+ years
1975 7.57, 0.95 7.69, 0.98 7.69, 0.92 7.57, 0.93 7.52, 1.20
1981 7.53, 0.85 7.67, 0.89 7.63, 0.83 7.56, 0.84 7.64, 1.06
1990 7.39, 0.81 7.55, 0.84 7.53, 0.83 7.46, 0.83 7.50, 0.88
2011 7.39, 0.89 7.37, 0.86 No data 7.34, 0.84 7.38, 0.88
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Discussion
The main result of the present study was that the mean
sleep duration slightly decreased in the adult study
population over the 36-year follow-up. The change was
seen in all adult age groups and in both genders. Overall
the changes are quite small. The mean decrease in men
was about 18 min and in women about 32 min (about
0.5 and 0.9 min per year of follow-up, respectively). In
age-groups the largest change was in middle-aged per-
sons: about 23 min or 0.6 min per year of follow-up. Al-
though the sleep duration was longer in the earlier years,
the probable main cause for the change in this study
population is the effect of aging.
In a systematic review on secular trends on sleep dur-
ation from 15 countries from the 1960s until the 2000s
showed also small changes [26]. Self-reported average
sleep duration of adults had increased in 7 countries
(from 0.1 to 1.7 min per night each year, e.g. Canada and
Britain) and decreased in 6 countries (from 0.1 to 0.6
min per night each year, e.g. Finland and Germany). The
Finnish data was based on reanalysis of all available data
from surveys carried out from 1972 to 2005, including
about 440,000 self-reports of sleep duration [27], to
which the present study contributed data from the first
three surveys (1975, 1981, and 1990). The decrease in
Finland was 18min during a period of 33 years or about
0.5 min per year of follow-up. In all, the present results
are well in accordance with the results from previous
studies both from Finland and other countries. It has
been pointed out that there is no validated measure of
self-reported sleep duration and the different ways of
asking (for example rounding sleep to within 15 or even
60min) may affect the estimate [9]. As the changes in
each country and the differences between the countries
are small, it is possible that they are at least partly due
to methodological causes.
The strong association between health and sleep has
also practical implications. It has long been known that
many patients with somatic or psychiatric disorders also
suffer from impaired sleep. Not until the last decades
have we learned that poor sleep is not only comorbid
with many disorders, but may also be a contributing
causative factor, as shown in, for example, cardiovascular
disease [1, 28–30]. Evidence for a causal role in breast
cancer [31] and type 2 diabetes [32, 33] is less convin-
cing. Genetic analyses suggest shared genetic liability to
sleep duration and a variety of other medically relevant
traits and diseases [34], but the causal paths require
more studies. Thus, in clinical practice, it is important to
evaluate sleep, as poor quality may increase the risk of
many common diseases, decrease the quality of life, and
impair patients’ treatment responses.
The present study has several strengths. First, the
follow-up time of 36 years is exceptionally long. Second,
the study cohort is population-based and therefore the
results can probably be generalized to the population at
large, at least in countries with a very high human devel-
opment index. Compared to general population, the
Twin Cohort shows no differences in e.g. overall mortal-
ity [18] or cancer incidence [20]. Sleep lengths in twins
have been similar as in other Finnish studies [27]. In
addition, our twin cohort has taken part in multiple
genome-wide association studies, with cohort specific ef-
fect size estimates that do not differ from the meta-
analysis results [35, 36]. The results are also valuable
from an ontogeny point of view. Thirdly, longitudinal
cohort studies may give a more reliable picture of age-
related changes than a cross-sectional study or combina-
tions of these, as suggested by our earlier 36-year follow-
up study on the quality of sleep in the same cohort [37].
There are also some limitations that must be kept in
mind. Information on sleep length is derived from self-
reports. As we have discussed earlier [4], objective as-
sessments of sleep length for thousands of participants
three to four decades ago was logistically and even
technologically not possible. Large-scale studies continue
to rely on self-reported sleep length, even though it has
less accuracy, which affects in particular those with frag-
mented sleep (e.g. insomniacs). The 1990 and 2011
questionnaires did not cover age groups 65+ years, and
2011 did not include subjects <55 years, thus the conclu-
sions must be especially cautious regarding them. Be-
cause of the structure of the study population only
limited conclusions of the possible intergenerational
changes in sleep duration can be made. Our sample con-
sists of twins but it is representative of general popula-
tion. In our 1975 questionnaire we had both twins and
persons who were not twins as a result of our ascertain-
ment procedure of identifying as twins pairs of persons
born on the same day, in the same local community, of
Table 3 The hazard ratios and the confidence intervals of the
fitted model for shorter sleep. The effect of the birth cohorts is
compared to those born in 1880–1899. The effect of age group
is compared to those being 18–34 years old. Male gender is
compared to females
Hazard ratio (95% CI)
Birth cohort < 1900 1.00
Birth cohort 1900–1919 1.11 (0.96 to 1.30)
Birth cohort 1920–1939 1.41 (1.21 to 1.64)
Birth cohort 1940–1957 1.62 (1.40 to 1.89)
Age group 18–34 years 1.00
Age group 35–54 years 1.24 (1.21 to 1.28)
Age group 55+ years 1.23 (1.19 to 1.27)
Female gender 1.00
Male gender 1.13 (1.10 to 1.15)
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the same sex and with the same surname at birth [38].
The twins and non-twins did not differ in sleep duration
or sleep quality. We are not aware of studies indicating
significant differences in sleep and its disorders between
twin individuals and the rest of the general population.
Additionally, we cannot rule out that some fraction of
the apparently age-related changes is in fact due to con-
temporaneous secular trends, such as the 24/7 society
and changes in working life including reduced physical
strain and the increasing use of portable screen-based
media devices. These trends probably affect more youn-
ger adults (< 35-year-old) who were not represented in
the last survey made during time when the use of this
technology rapidly increased. The three first surveys
were made during the era with no smartphones and so-
cial media. Even at the time of the fourth survey, inter-
net and social media use was much less than now, a
decade later. The last wave was collected in 2011/2012
among older adults born 1945 to 1957, who have
adopted smart phones and tablets at a slower rate than
adolescents and young adults.
Conclusions
Our results indicate no major changes in self-reported
sleep duration in adults, similarly as in other population-
based studies, and contrary to the common views often
presented in media that serious sleep deprivation is a
widespread problem. However, small decreases were
Fig. 3 Survival functions and corresponding Kaplan-Meier estimates for each age group and birth cohort calculated using a fitted regression
model. The number of observations given in each cell. The total number of observations is larger than the number of participants as there are
one to four observations of each participant
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seen in both genders and in all age-groups, in the range
of tenths of a minute per year of follow-up as also in the
earlier studies. Over time, sleep duration was decreased
slightly more in women than in men, and in age-groups
the largest change was in middle-aged persons. In all
age-groups, the reported sleep duration was slightly lon-
ger in the earlier questionnaires than in the later ques-
tionnaires. In our opinion the probable main cause for
these slight changes in this study population is the effect
of aging.
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